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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to the 
extracorporeal circulation of blood during open heart 
surgery, and more particularly to a device for condition- 
ing blood prior to returning the blood to the patient. 

Background of the Invention 
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[0002] Open heart surgery is performed on a "still" 
heart. The patients blood is circulated by an extracor- 
poreal system, which includes a blood pump, a cardiot- 
omy reservoir and an oxygenator. In operation, blood is is 
drawn from the patient and pumped through the oxygen- 
ator and then returned to the patient. In many instances 
blood is scavenged from the surgical site and this recov- 
ered blood is added to the system through the cardiot- 
omy reservoir. As a consequence, surgical debris and 20 
air bubbles may be introduced into the system at this 
point and it is important that the particulate debris and 
bubbles not be administered to the patient. 
[0003] It is the conventional standard of care to place 
a so-called "arterial filter in the blood line to intercept 25 
and capture particles and gas bubbles before the blood 
is returned to the patient's body. Filters of this type cap- 
ture both gas bubbles and particles on a filter mesh. 
However conventional arterial filters are problematic. 
Typically the volume of an atrial filter is large to maximize 30 
the ability of the device to collect and hold gas bubbles. 
Captured bubbles are retained on the mesh during the 
entire surgical procedure. Each bubble that is retained 
reduces the filter mesh surface area available for par- 
ticulate collection. It is possible that a large particle load 35 
will increase the pressure drop across the filter. This 
"clogging" effect can increase the pressure on the cap- 
tured bubbles and force them though the filter. As a con- 
sequence of this problem the size of the physical mem- 
brane of the arterial filter is very large to provide a margin 40 
of safety. However this increases the surface area in 
contact with blood which is undesirable and increases 
priming volume which is undesirable. It should also be 
noted that the mesh size of a typical filter is inadequate 
to capture small bubbles. Consequently the convention- ^ 
al arterial filter is not efficient at handling bubbles and it 
is improperly sized for the typical particulate load. 
[0004] It must also be noted that blood is a very deli- 
cate organ and surface contact, turbulence and pres- 
sure drops within the system can injure the blood. These so 
properties of blood must be accommodated as well. 

SUMMARY 



[0005] In the present invention the blood conditioning 
device has two main connections. There is a blood input 
port and a blood output port. A third connection is used 
to purge or prime the device. In some embodiments of 
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the device this line is always open and is used for con- 
tinuous recirculation of blood containing bubble to the 
cardiotomy reservoir. 

[0006] The blood conditioning device relies on a first 
dynamic stage to remove bubbles from the mixed flow 
of bubbles and particles in blood. 
[0007] The dynamic stage passes the bubble free but 
particle laden blood flow to a second mechanical filter 
media stage where the particles are trapped. The gas 
bubbles maybe collected and retained in the device or 
returned with a modest blood flow to the cardiotomy res- 
ervoir through the third purge or recirculation connec- 
tion. 

[0008] The blood conditioning device is disposable 
and used once. The particulate debris is retained in the 
device and discarded at the conclusion of the proce- 
dure. 

[0009] In the first dynamic stage, the blood is deliv- 
ered to a blood centrifuge section, which imparts a 
strong radial acceleration to the blood flow. The pres- 
sure gradient is created by forcing the blood along a hel- 
ical flow path. The radial acceleration causes bubbles 
both large and small to migrate toward the center 
streamline of the flow. A bubble pick up may be placed 
in the zone where the bubbles accumulate. The bubble 
pick up collects the bubbles and it is connected to the 
cardiotomy reservoir to extract the bubbles from the de- 
vice. In an alternate embodiment of the device there is 
no extraction tube or bubble pick off tube and the bub- 
bles are allowed to coalesces and accumulate in the de- 
vice during operation. This dynamic stage Is referred to 
as the "helix" in the description. 
[001 0] To purge or prime the device a momentary op- 
eration valve is placed on top of the device. The pre- 
ferred versions of this valve opens side holes in the bub- 
ble pick up tube in order to release gross air from the 
device to the cardiotomy reservoir. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Throughout the several figures of the drawing 
identical reference numerals indicate identical structure, 
wherein: 

Fig. 1 is a schematic cross section of a first embod- 
iment of the device; 

Fig. 2 is a schematic cross section of a second em- 
bodiment of the device; 

Fig. 3 is a schematic cross section of a third embod- 
iment of the device; 

Fig. 4 is a schematic cross section of a fourth em- 
bodiment of the device; 

Fig. 5 is a schematic cross section of a fifth embod- 
iment of the device; 

Fig. 6A is a schematic cross section of a sixth em- 
bodiment of the device; 

Fig. 6B is a schematic cross section of a sixth em- 
bodiment of the device; 
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Fig. 7A is a schematic cross section of a seventh 
embodiment of the device; and, 
Fig. 7B is a schematic cross section of a seventh 
embodiment of the device. 

DETAILED DESCRIPTION 

[0012] Fig.1 shows a first embodiment of the blood 
conditioning device 10. This representative device is 
shown in a schematic cross section and it is generally 
symmetric about axis 12. In use this device is mounted 
vertically with the purge/recirculation port 14 located at 
the "top". Although the device can be used for condition- 
ing blood in any perfusion circuit it is preferred to couple 
the input port 1 6 to the source of blood and to connect 
the output port 1 8 directly to the cannula used to deliver 
blood to the patient. The blood pump supplies the mod- 
est pressure difference required to operate the device. 
The oxygenator and cardiotomy reservoir are of conven- 
tional design and they are used in the conventional fash- 
ion. 

[001 3] In the various figures the small squares typified 
by square 20 represent surgical debris with a density 
slightly greater than blood. The small circles typified by 
circle 22 represent bubbles or micro bubbles in the blood 
flow 24. The bubbles have a size of approximately 40mu 
or more and micro-bubbles have a diameter of 40mu or 
less. At the inlet port 1 6, the blood flow 24 has a uniform 
distribution of particles and bubbles in the input stream, 
and is called a "mixed blood flow" herein. The mixed 
blood flow 25 enters an acceleration chamber or "helix M 
33 w of the dynamic section 41 . One or more blades 32 
form a helical flow path in the acceleration chamber 33. 
The blood flow, which leaves the helix 33, has a spiral 
motion as indicated by blood flow arrow 26. The radial 
acceleration is strong enough to cause the bubbles to 
accumulate along the centerline or axis 1 2 of the device 
10. The length of the discharge tube 34 is sufficiently 
long to permit nearly complete separation of the bubbles 
from the particles. In this first embodiment of the device 
these bubbles coalesce and migrate toward zone 46. 
[0014] Eventually the spiral motion of the blood flow 
is reduced as indicated by blood flow 27 and the bubble 
free blood flow 28, leaves the dynamic section 41 and 
turns to enter the mechanical separation section 40. 
[0015] The blood now free of bubbles enters a flow 
path that intercepts a membrane 42. The annular mem- 
brane 42 filters the blood flow and the particles adheres 
to the surface of the membrane while the blood passes 
through the membrane as depicted by blood flow 29. 
The blood accumulated behind the membrane 42 is de- 
livered to the output port 18 and the now conditioned 
blood flow 30 is introduced into the patient. 
[0016] In operation the particles and blood turn into 
the mechanical separation section 40 while the buoyan- 
cy of the bubbles causes them to coalesce into larger 
bubble and form a bubble rich volume or zone 46 
trapped near the stopcock 44. The purge stopcock 44 
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may be used to prime the device during setup and may 
be used to periodically return the bubble rich accumu- 
lated volume 46 to the blood cardiotomy reservoir during 
operation. 

5 [001 7] Fig. 2 is a schematic cross section of a second 
embodiment of the blood conditioning device 1 0. In this 
second embodiment a bubble pick off tube 48 is posi- 
tioned to intercept the stream of micro-bubbles from the 
dynamic section 41 . The opening 47 of the bubble pick 
10 off tube 48 is sized to capture the blood flow near the 
centerline 12 of the dynamic section. The opening 47 
establishes a small regulated blood flow 49 from the de- 
vice to the cardiotomy reservoir (not shown) which car- 
ries the bubbles back to the cardiotomy reservoir. This 
>5 recirculation line 1 3 is always open. 

[0018] Fig. 3 is an alternate embodiment incorporat- 
ing a bubble pick off 48 which pulls bubbles from the 
device through opening 47. In this device operates sim- 
ilar to figure 2 but in contrast the particles can directly 
20 engage the filter mesh 42 as the blood flow flows in an 
outward direction from the center of the device. 
[0019] Fig. 3 also shows the preferred form of mo- 
mentary operation valve 50. The momentary operation 
valve 50 is provided at the top of the housing to allow 
25 the user to purge or prime the device. When "open" the 
valve 50 allows the gross air from the interior volume of 
the device to be purged into the cardiotomy reservoir. 
When closed the interior volume of the device is closed 
off but the bubble pick off tube remains open to the car- 
30 diotomy reservoir. 

[0020] The preferred form of the valve includes a ring 
51 which can slide between two positions. In the first 
position the ring covers side holes 47 in the bubble pick 
up tube 48 and is in the "dosed" position. The valve 50 
35 in Fig. 7A is shown in this state. In the second "open " 
position the ring 51 uncovers the side holes 47 in the 
bubble pick off tube 48 as seen in the Fig. 3 among oth- 
ers. In the "open* 1 position the interior volume of the 
housing 13 is open to the reservoir. 
[0021] This valve may be operated to bleed the sys- 
tem both prior to use and during a surgery. In general 
the valve 50 is closed and remains open only while op- 
erated by the perfusionist. 

[0022] Fig. 4 is an alternate embodiment of the inven- 
tion which includes a diverging channel 53 to decrease 
the velocity of the blood flow after the bubbles have been 
picked off at opening 47. It is expected to be advanta- 
geous to decrease the velocity in the mechanical filtra- 
tion section 40. 

[0023] Fig. 5 is an alternate embodiment of the device 
having a "side by side" configuration the dynamic sec- 
tion 41 located substantially next tot he mechanical fil- 
tration section 40. The principle advantage of this con- 
figuration is the ability to see the bubble pick off 48 and 
related area of the dynamic section during operation and 
provides more options for flow dynamic optimization in 
the two sections. 

[0024] Fig. 6A is side elevation of an alternate embod- 
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iment of the device. In this configuration the device is 
very compact. In this version of the device the particles 
20are captured on the outer surface of the annular filter 
mesh 42.while the bubbles pass the helix 33 in advance 
and are picked up in line 48. On top of the device the 5 
preferred momentary operation valve 50 is schematical- 
ly shown, opening side hole to the recirculation line to 
release gross air upon operation. 
[0025] Fig. 6B is top view of an alternate embodiment 
of the device. In this view one can see that the helix 33 10 
is located in a circular flow path. In general the input 
mixed blood flow 24 turns through about 90 degrees be- 
fore it enters the helix 33. 

[0026] The dynamic section 41 extends around the 
circle and the bubble pick off 48 is downstream through 15 
another 90 degrees of turning. 
[0027] Fig. 7 A is side elevation of an alternate embod- 
iment of the device. In this embodiment in contrast to 
figure 6 the blood flow carrying particulates is from the 
interior of the device to the exterior as typified by the 20 
location of particle 20. In this embossment conical sur- 
face or funnel is used to accelerate blood flow as it en- 
ters the filter zone. 

[0028] Fig. 7B is top view of an alternate embodiment 
of the device. In this version of the device the helix 33 25 
is located part way round the circumference of the de- 
vice with a bubble pick off 48 located downstream of the 
helix 33. 



a mechanical filtration section coupled to said 
helical blood acceleration section, receiving 
said acceleration section output flow and for 
. trapping particles carried by said flow produc- 
ing a device output flow for a patient. 

4. The device of claim 3 wherein the dynamic section 
includes a helical flow path and a bubble pick off 
tube place to remove bubbles; said bubble pick off 
tube coupled tot he third port and having a contin- 
uous redrculation flow during operation of the de- 
vice. 



Claims 



30 



1. A blood conditioning device for removing bubbles 
and particles from a stream containing a mixed flow 
having both particles and bubbles, said device com- 
prising: 
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a first dynamic separation section for separat- 
ing bubbles from said mixed flow, generating a 
flow of particles and blood but free of bubbles; 
a second section coupled to said first section 
having a filter membrane arranged to intercept 
the flow of particles and blood generating a flow 
of blood free of both particles and bubbles. 

The device of claim 1 wherein said dynamic sepa- 
ration section includes a helical flow path for impart- 
ing rotary motion to blood flow though the section. 
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3. A blood conditioning device comprising: 
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a housing having a first blood inlet port, a sec- 
ond blood outlet port and a third purge/ recircu- 
lation port; 

a helical blood acceleration section coupled to 
said first blood inlet port for removing bubbles 
from the blood entering the inlet, and producing 
an acceleration section output flow; 



55 



4 



EP 1 203 592 A1 




24 



i 
i 



5 




6 



EP 1 203 592 A1 




EP 1 203 592 A1 




8 




9 



EP 1 203 592 A1 



Fig. 6 A 





10 




11 



EP 1 203 592 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 12 5951 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy 



Citation of document with Indication, where appropriate, 
of relevant passages 



Relevant 
to daim 



CLASSIFICATION OF THE 
APPLICATION {1ntCI.7) 



US 6 053 967 A (HERMANN KLAUS ET AL) 
25 April 2000 (2000-04-25) 

* column 2, line 49 - column 3, line 14 * 

* column 4, line 5 - column 5, line 12 * 

* column 6, line 19-22 * 

* column 5, line 20-23 * 

* figure 1 * 

W0 00 61208 A (C0NVERGENZA AG) 

19 October 2000 (2000-10-19) 

* abstract * 

* page 2, paragraph 1 * 

* page 3, paragraph 3 * 

* page 5, paragraph 2 * 

* figure 1 * 

US 5 824 212 A (BR0CKH0FF ALEXANDER) 

20 October 1998 (1998-10-20) 

* column 1, line 65 - column 2, line 5; 
figures 6,7 * 

* column 5, line 4-20 * 



1,2 



A61M1/36 
801019/00 



1-4 



3,4 



1,2 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



A61M 

B01D 
B04C 



The present search report has been drawn up for all claims 



3 bee of tea**! 

MUNICH 



Oaffi of completion at tha search 

11 February 2002 



Exam!r.e» 

Bichlmayer, K-P 



CATEGOHY OF CITED DOCUMENTS 

X : aartkxrlarly -levari H taken atom 

Y : aarticularty relevant if combined with another 

decjment &• the same nategary 
A : technological background 
O : non-n/nrten dschsure 
P . intermediate doctrreni 



T : theory or prhclpte undenting trie Invention 
E : earlier patent document, bet publishec on, or 

after trie filing data 
D : document cited in the aop'fcatioi 
I. - .-iocumflnt cited tor other reasons 



& : memoer of tfte samo patent lamBy. conesponding 
document 



12 



EP 1 203 592 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 12 5951 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report 
The members are as contained In the European Patent Office BOP file on 

The European Patent Office Is in no way liable for these particulars which are merely given for the purpose of Information. 

11-02-2002 



Patent document 
cited In search report 



Publication 
date 



Palent family 
member(s) 



Publication 
date 



US 6053967 



25-04-2000 



OE 
0E 
0E 
EP 
ES 
JP 



WO 0061208 



19-10-2000 



WO 
EP 



US 5824212 



20-10-1998 



DE 
AT 
DE 
EP 

ES 



3 

i 



4329385 Al 
19506506 Al 
59403215 01 
0646380 Al 
2106420 T3 
7204408 A 



0061208 Al 
1165158 Al 



19545404 Al 
185276 T 

59603277 Dl 
0778031 Al 
2136931 T3 



02-03-1995 
29-08-1996 
31-07-1997 
05-04-1995 
01-11-1997 
08-08-1995 



19-10-2000 
02-01-2002 

12-06-1997 
15-10-1999 
11-11-1999 
11-06-1997 
01-12-1999 



u» For more details about this annex : see Official Journal of the European Patent Office, No. 12/92 



13 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

* 

□ SKEWED/SLANTED IMAGES 



U LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 




□, GRAY SCALE DOCUMENTS 



« 



